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1020030033842 ^^ %^\: 2003/6/11 

he^jl %^^%-<^] ^M^^ €■ <^1M^17^^ 7V^1^ ^^Itbf^Coptical confinement layer, 

OCD^l P>^s]^ ^2:1- 7l-^t:f. ol£]^V ^ ^vt^oll ttl-^'a, -SL-^ T"^^ ^ 

£ 2 



1020030033842 . #^ ^^j-: 2003/6/11 

Semi conductor opto-electronic device} 

H 1^ ^^#7^1 tiV^^fl £flol;<^ ^^rjL^^ ^o] ^^Hcjcf. 

£. 2^ ^ ^^c.)! ttl-# ^;^l-o^ ^oi cj-^t^oicf.. 

S 3^ S 2<^1 iA]^ a. «vx^oi] t4e t^S^l ^^>5l 4^^^^^ iM^l 

H 4a vfl^^l :£ 4d^ z]-7l 4^ Al S^^all- 7}^]^ S-H ^5. 

s|-<^oll c^]^ OCF (Optical confinement factor)^ ^ll:efl<^l^ 44* ^91^. 

S. 5a ^^1 £ 5cfe n-H.eBJE#o11>^i^ Al 2:^Jtil(io%. 13.5%, 15%)^ ^ ^'^^l 4 

H 5d^ ^ ^^'^^l 4^^^ OCL^ ^^*V ^^(OCL) ^ OCLi: ^^^■^] 
(non-OCL)<>ll ^'^^^i, n-3efl^#$] Al 2:^iv](10%, 13.5%, 15%)^ ^^1- i-fEj-i^ 

£ 5e^ ^ 5d^ ^tfl 0CF<H1 OCL^^^l ^H^i OCF^ ^7l-l-# i 



9/1-/1 



4 
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<9> ^ ^^:i;^Ksemi conductor opto-electronic device)<^l 

<io> 45l-l-(nitride)?ll<i^ ^£^1 ^^^^V^ 

S 1<^1 WfSf A}5i^o]c] 71^(1)1- Hil^l^::^ , ^7] 

l-^^#(active layer, 5), ^^^%-(5)^S. ^t]-^ ^^*>7l n-^ ^%-(2, 3, 

4), ^^^^ib)o.S. ^^^(hole)l- ^#^>7l P-^ ^^(6, 7, 8)^ ^^tt^f. 

<ii> o.^, ^ <?]:i^(wave guide)!- #^^#(5)^ 'y^^'^l p-^l*^] 7]-ol^^ 

(7) ^ n-^flo] W.7HH#(4)ol 4^^^. aslJl. :^;^>fil- ^ ^^^1-7] ^s;}o^ 

. p-^floju. y}o]s.^{7)o^ Aj-w. ^ n-^|^lti.7l-<>l^f^(4)S] *}-^<^l p-a.2fl:B#(cladding 
layer, 8) ^ n-3.^E.%-(3)o] 44 p]-^5|o] 5^4. p-^<^]^7}o]^(7)s\- 
#(5)Sl A>o]o]]^ -f-jifT?}^ ^-g-s}^ ^4^>W(6. Electron Blocking Layer, 

EBL)o] 4^^4. 71:^(1)4 n-5L?flH#(3)^ A>olo]l^ n-GaN §^m#(2)«^] 4^ 
H^JL p-3ellH#(8) p-GaN ^^H^O)^! 4^^4. 

<12> o]5^^ ^5}-l-7j)^ ±7-}$] cH^^ A>4olo^( sapphire)!- 7]^ o] 

^^4. c^tiV^O.^^ y:^o]±E.^]/.] ^^^^^ 7>olJ^^l- 

7] n<^]M.7}0]E.%-o] GaN S-S. T^^(confine) 
*>7l ^^}^ aefls.^^ MxGai.xN ^^^^4. 



1020030033842 %^ 'U^V- 2003/6/11 

<13> AIxGai-xN GaN '^l «l«fl o)lui;<]7^o] ^ji, inGaN^f^ ^}o]7} ^ 

<i4> a2flH#^S. A>-g-5]-^ AlGaN#^ ^|o]ti.7>ol^# ^ n E]-<y ^##(contact 
layer)-^^ A>-g-£)^ GaNSil- €■ ^;=^> 1^^^ ^V^^l* M-^l-^JI o]S. 9m 

■t^(crack)^ €^4. <^]S. aeflSf^ 1-^^ AlxGai-xN<^l^i Al^ 

. Al^ ^Itt^ ^^^w]^^ AlGaN/GaN ^^;=^l-(super lattice) tfl^ 14% o]v^ ^] 

^ Im, ^a(bulk) AlGaN^ 8% ^ Ij^n ^^^^ ^Jisj^cf . o]s>f ^p] :^]^ 

€ a.2fl-E.f^$] ^^m- Al 2:^^tilofl 7l^^>o^ 7]^ ¥^ 2.:B(leakage mode)©! 

^^S, # ^^1?!- ^^Koptical confinement factor, 0CF)7> y^±.^}7\] ^4. 
<15> ^^^(optical confinement) A]^^ ^©1^^ 7]-;^ 

S.'H, sfl^l^i^ 7llA] ^^1- ^o]jL z]]o]x^$] 3i\-^B. sfl^Cfar field pattern)oll 

^'-'^^^ ^n] ^cf. OCF^ ello];^^ ^x}$\ zflA] ^^]JL, Ml^^^^Jl 

^(internal quantum ef f iciency)^: 2fl<^1^i^ 2)]^(far 

field pattern)^)] ^^"^1!=^- ^Tfl ^cf. 
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<2o> ^m^^ ^ 

<22> ^V7l 7|:&-i- ^al^l-Ji, 

^(optical confinement layer. OCL)<^] ^}^^<=>] ^^^S. t}^ 

<24> 4>7l ^ ^^s] tiv^xfl it^i^Hl SX"^^], Si, 44*^1^, SiC 

GaN -OS ^ 

<25> olei^V ^ ^i-tg^ ^5^-1- ^^ai;=^l-<^l ^-S-Slfe tif^^^fcf. 

4^-^ ^ sV4 ?-llolti.7}o]c^^ p_GaN ^ n-GaNAS ^^Js]!^, ^1-71 ^ §>4 

aeflS-^^ 4^ p-AlGaN/p-GaN, p-AlGaN/GaN, AlGaN/p-GaN ^ n-AlGaN/n-GaN, 
n-AlGaN/GaN, AlGaN/n-GaN, JEfe p-AlGaN ^ n-AlGaN^.^ 
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<26> 3.4^^^ ^o\]S>\^ srl-^i^ Z^-Z)" p-GaN ^ 

n-GaN ^]-^€q-. '^^] AlvInxGai-x-yN/AlwInyGai-y-wN (0^ 

v.w,x,y<l,0^x+v, y+w ^1, y<x, v^w) ^ ^^"^^^^ ^"S^y^^^l-f 

^ 5;Z4. ^, 4:^^^^^ GaN, AlGaN, InGaN a&lJl AlInGaN 1-^ 

<27> ^ 4^31^ ^A]o|loil 4^1^ >^^l-7] tl:^(OCL)^ IiizGai-zN-as 

^^^5]^ <=^7l<:>11^ Si ^fe Mg7l- ^ ^4. ^^Ittf^COCL)^ 4^^^ ¥ 

100 tfl^l 500A ;7]-^4. 

<28> o]^!-, ^ig^ ^^«>^^i ^ ^^<^1 ^£^1 ^^^^4^ ^^1 

<29> ^ ^^oflAi tiVi^fl ^^^4^ #^(crack)ol ^^S^l^ ^fe ^^fl^ Al 3: 

€-^^#4 ^ ?|ola.7}ol^^o] A\o]6\] o]^ o1]ul47^1.4 Xfol4 ^ 

^ 7]-4fe AlyIn^X}ai-,-yN. (Q <x.v<l. 0<x+v<l ) QCL#<^1 -^-'^J^, ^^1: 71:^4. 

<30> oje^^V M. ^vi^4 i^-^^y^^fJl^*^! ^^^^ «11<^1 

^i^^ 711^1 ^ 4^-] (operation input power )7> 4^£]^ Si^i: 

<3i> o]^]^ ^ ^vx^o] av£^l ^^^4^ ^^1-^1*14 ^^4i4, l-'H 

JE^ 4i4 1-4 ^44i4'=>ll ^-B-€ ^ Si4- 
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<32> JE 2fe ^ 4^ aVH^l ^^>^ y^^^ 

<33> j£ 21- Si, SiC. GaN £fe A>2l-olol^ ^ 71:^(10) Si 

GaN $^H#(20)'>1 €-^S#(20) ^^fl^ inGaN €^^#(50)^ ^-S.^^^ 

<34> ^1-7] l->^^^(50)^ <^m^l ^»|<^1 4^ AlylrixGai-x^vN 4 AlwInyGai-y-wN (0^ 
v,w,x,y<l,0<x+v, y+w <1, y<x. v<w) '^1 ^^^^M -fl- 5&fe t}^^M-T-#T^ 
^1- 7f^n1-. ^, >JJ-7l GaN, AlGaN, InGaN ZLe)jl AlInGaN ^}t\9\ 

<35> ^^7] «-^j#(50)S] ^ ^^^^ o.^ q^^^ ^(45. 55)0] ^^^^o] ol 



4. ^1 OCL AlxInyGai-x-yN,(0<x,y^l. 0<x+y<l ) S. t= $14. 
1- 1-^, OCL ^(45)^ n-^ :£^5l^l AlxInyGai-x-yN. AlxGai-xN 
InyGai-yNAS. ^^^€^ SZJI, 0CL#(55)^ p-, n-^ 3£^5]^1 
AlxInyGai-x-yN, AlxGai-xN Sfe InyGaj^yN ^4. OCL ^(45, 55)^ <^m^l 
^^(OCL)^ H 3<^1 £^1^ «>i4 ^<^1 l-^j#(active layer)'^! wlsfl ^tIM- H.^^^ , ^.s^Jl 
^^S]^ ^^V-^ 7><5lS.^(n-WG, p-WG)<^l til $1] 4 ^l-cf. 

<36> £ 2^11 w}^ ^o] ^7] ^o]^ 7H S.f^(70, 40)^ n- ^ ^ p-GaN-2- 

5. AA ^^^€4. ^-1101^.71-01^(70, 40)fe ^#t!: ^l-^ ^^1 ^7l OCL^ofl ^1 
*11 e <^]M^1^,|^ 7>^4. ^Vl ar}^ ^|oly.7H ^#(40)^1 c}2floil^ 

n-AlGaN/n-GaN, n-AlGaN/GaN. AlGaN/n-GaN n-AIGaN aefls.#(30) ^ n-GaN S-^H 
^-(20)01 ^^>al v}^^o] oicf. 
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<37> r}-^, 0CL(55)51- nQ]^7}o]B.(70)^ ^}'^]<=^]^ p-AlGaN EBL(60)<^1 

7^^"^ 3X^. S. 3<^1 EBL(60)5^ >^o] cf^ ^^^f^o^l Hje)] 7} 

^ H^l. ^^1-^ <^1^^ ^^^^ -i-^^l-:^^. 

<38> ^7] p-GaN ^-^ ^flolti.7l-o]H:f^(70)^ ^oll^ p-AlGaN/p-GaN, p-AlGaN/GaN, 

AlGaN/p-GaN 5E^ p-AlGaN aefl^f^(80)4 p-GaN ^^^^(90)<^] 014 
<39> >y-7l^ :^ol 0CL(45, 55)0] 'a=^<>)l 4^^.^ ^ ^^"^1 ^*>'^, 

A1^^^4 AlGaN clad#^ -^^1 ^Hl^i^ OCF (optical confinement factor)* ^7}H^ 

OCL'^] (double optical confinement layer)^! %^^%(50)^ '^<}=^<^1 

<4i> H 4a, S. 4b, £ 4c, £ 4dfe 21-71 4^ Al 7}^]^ n-3,2flH^#(30)i 

ttf^ HS.^'^'^I ifltt OCF (Optical confinement factor)^! aI^^Ho]/^ 441- ^ 

<42> 4afe p-HB||^# ^ n-aHfl:^^'^ Al ^^^l-Tll 10%<^1 ±7\o\] rJj\l\: ^4 

1- ^o]ji £ p_^eflc4 ^ n-HeflJB^5] Al 44 10% ^ 15%<il di^'^l ^ 

^ ^4* ^.'^14. 

<43> £ 4a, £ 4b4 ^ll-eil<^1'a 44"^] nl-^^ £ 4a<^l 44 , n-aefl-E.# 

4 Al Si^^o] io%ol 7]^ 1]-^-^^ S-S -^^o] Ji^^l^ u>^, £ 4bo)] 44 



o>i_in 
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^tJlel- OCF ^t!: #7l-f-# ^ ^ 



<44> i 4c, £ 4dfe 4^ n-a2fl^#^ A12:^^<^1 10%^ 15% ^1^^, Al S 

:^^^M1 10%^ ^^^f^, 140 A ^^^1^ InzGai-zN OCL^ '^^^'^l 

<45> £ 4c, £ 4d2l All^eflol^ 4 ^'^'^l ^^fl OCL^ '^-g--t-$-S-^1 0CF71- ^7} 

u>^ls.o| ^^l^Coptical confinement)*^! it^ Jl5i)-^-^S. -^14^1^. 

£ 4dl- S. 4c<^l -£^1^ ^41- ^t!- ^^<^l^i n-aeflH#o]lAis] Al ^^^^11- 



0CF7> iJll-f ^711 #7]-^^ <y:^ ^r]-. 



<46> £ 5a S. 5c n-H2flH^'^lA^o] ^1 3i^^ti](10%, 13.5%, 15%)'^. OCL^ 

<47> i 5a i^^l £ 5cl- -f-.^V^. n-5L2fl^#^ AlS^Jo] 10%^ ^-f InzGai-zN OCLf^^ 
^^171- 140A, 13.5% Al3i^^'U ^-T- 350A, Al ^^^^1 15%^ ^7}^ ^-^ InzGal-zN OCL 
^5] ^y?\]7} 420A<^ n ^Irflo^ 0CF441- M-El-^i: ^ $14. 

<48> £ 5al- n-a.2fl£.^ ^ p-3.2fl:E.i-5] Al S^J^l 10%'il ^-f .OCL^ 

^^7} 140 A <y ^ ^ 1.5^^iE^ 5|i:fl^ 0CF7]- M-ElVfc]-. 
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<49> S. 5bl- ^^^M, n-Hefl:£^^ AI 2i^^] 13.5%^] JL p-H£flS#^ Al 2i^^o] ^ 

■5], 10%<y ^-f , OCLS] ^711 7> 350A«^a nfl ^V2.3^^:£^ sji^fl^ 0CF7> M-El-v+rf. 
<50> 3E. 5cl- n-a2flH#^ Al S^jt>1 15%'^lJl p-aeflS^S^ Al ^^^<^1 

^^1 10%'y ^-f, OCL^ -^^171- 2f 420A'^ «11 ^ 2.4 oj^o.^. ^cfl^ 0CF7> 

<5i> :£ 5dfe OCL^ ^ ^-^(OCL) ^ OCL^ ^-§-^1-^1 ^^(non-OCL)i ^c>lAi, 
n-aeflE.#^ Al 3:^^til(10%, 13.5%, 15%)'i OCF^l ^S]-!- M-Bj-vfl ^'Jli:!-. :£ Sdf- 
'^i ^ ^^^<^1 tfl-fif OCL# ^-^7} =L^^] ^^^-foil Hlsfl OCFl- 

iislJl Al S^^i^l7> ^ ^ ^ ^^^'^l 4^1- OCL^ ^-§-^ ^^7} wl^ 

0CF7V ^7}^^ . 

<52> S. 5efe OCF-^l tfl-g-^]-^ 4€- OCF^ ^7>1:^ 

<53> H 5a ~ 5d ^ ^ 5el- f-^B^i n-aefl:^^^^^^ A12:^^<^1 ^7l-^<^l 421-^-1 0CF71- ^ 
7>sl-JL, nelji n ^a^sl-^ OCL^ ^^7} ^7} <^ ^ ^c^-. ^ ^^^1 
i^f^ ^^^^S n-a£il-^#^ Al%^. ^7}^o] ^j:Ji\ OCF^^ ^^^^1^ ^ 

<54> -^o^ £cfl^ ^4, OCL^ ^^^Ife lOOA^l^i 500A ^^s) 

o] 14%5] ^-fofl cfl§}o^ IrizGai-zN OCL## ^-g- nj-^l-^i ^H^l^i 7l]A] 
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^^1^. S. 6# InzGai_zN 0CL#<^1 ^-^<^1 ^l^ellol^S ^ 

72inA<^]^i 46niA^ 40% ^iit^ t ^4- ''l^ OCL#^ ^a-'^'^l OCF^ol ^ 

<57> 1) n-3Bfl = #s^ AlS-^^^l ^7]- ^o] S.H ^ '^^Pl 7|-^^>J1 ZL^Jl 

16% OCF^ ^7}7> 7}^t}v]-, 

<58> 2) AlGaN EBL^:b1- InGaN^ ^^1- ^V^Hl 7l<?lt!: ^^ell^i 

<59> 3) ^]]o]7.] ±7]-$:^ ^^^^(threshold current)!- 40% ^^^1^ ^ 
<60> 4) iix^V^ 2]-^ ^ ^^^4. 

<61> 5) -§-4 <^1^ lEl-^^o^ ^v^o] ol^>^4. 

^4. ^, ^ #^^^1 4€- ^€^^1-^ ^^ai^V"?! «Jj^(white). 

(blue), ^^-^(green) LED, 4^1^(UV), ^H(violet), %^^-^(blue), V-^(green) LD ^ 

9/1-1'^ 
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<63> ^ 7l^^o]:oflA^ ^mo\]A], ^ ^^^S] ^^^^ o]^n^] ^JL 4^3} 

^^^^ ^^]^JL 7\^t}i^, ^ ^^^$\ 



4 
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I^^^^ 11 

^(optical confinement layer, OCL)ol '^V^sjo] ^^^S s^V^ ^V^^l 

l^n"^} 2] 

^V7l ^^ioiti7l-ol£f^4 a ^;>^2l ^J--^ OCLSl a}o]6\] ^;^l-^>'a:#(electron 
blocking layer)<^l 7|];5i]£]o] ^^i.^^ sf^ tiV^^l ^^ix}. 

I^.^t 31 

^1 1 -ti 

^7l 7l^e Si.^fsl-olo^, SiC iEfe GaN ^-^^is)^ ^^^S. 
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{^^^^^ 4] 

3.sflH#^ z^-z)- p-AlGaN/p-GaN ^ n-AlGaN/n-GaN, ^fe p-AlGaN ^ n-AIGaN^S. 
^^^^i^, ^^7] 1:^^^^ AlInGaN(AlvInxGai-x-vN/Al „,InyGai-y-wl-y-wN, 0<v,w,x,y^l,0 
^x+v, y+w <1. y^x, v<w)^ ^^^s)^ 3:}^ ^^^] ^^^7^. 

r^^^D- 6] 

-^7] ^-^ ^|oly 7>ol^^a!l- :i srl-a-o] Aj-tt, ocLo^ a>o1o11 p-AlGaN ^;^f^l-^f^ 
(electron blocking layer)<5l 7D7])5)ol 4^1-^5. ^^^4. 

^1-71 ^^^Vf^COCL)^ AlxInyGai-x-yN (0<x, y^ 1; 0<x+y<l)^5. ^^^^Ife 
81 
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^7] ^;^1^^(0CL)^ AlxInyGai_x-yN (O^x.'y^ 1. 0<x+y<l)-^5- 

A, 

l^^^J- 101 

l^T^*c}- 111 

f 

^^1^>#(0CL)^ ^^1^ 100 xfl^l 500A n 
121 

^1 8 9X<^^, 

^^1^#(0CL)5] 100 vflx] 500A Zk"^ ^^1^^ s^]- 

131 

^1 9 ^Hl oio^Ai, 



< - 
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^ 2003/6/11 



%m^(.OCl)^ ^n^. 100 500A 5^:^ ^V^l^ ^^^^ ^> 

[^^■t 141 

^1 10 %H1 $i<H^i, 

^;^1^V#(0CL)^ ^^Ife 100 vfl;^l 500A Ml^ ^Hfe ^^^^ 



94-18 
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[:£ 11 



p-QaN 


— 9 


AIGaN/p-GaN or p-AIGaN 


— 8 


p-GaN 


— 7 


p-AIGaN 


— 6 


]nx Gai-xN/Iny Gai-y N 


— 5 


n-GaN 


— 4 


AIGaN/n-GaN or n-AIGaN 


— 3 


n-GaN 


— 2 


SAPPHIRE 


— 1 


li 2] 





p-GaN 


—90 


A!GaN/p-GaN or p-AIGaN 


—80 


p-GaN 


—70 


p-AIGaN 


—60 


InzGai-zN 


—55 


Inx Gai-xN/Iny Gai_y N 


—50 


InzGai-zN 


—45 


n-GaN 


—40 


AIGaN/n-GaN or n~A!GaN 


—30 


n-GaN 
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